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Milk thistle is an important medicinal plant as it contains silymarin which has many pharmaceutical activities. 
The purpose of this study was to evaluate the influence of a stabilized nitrogen fertilizer alone or combined with 
a foliar fertilizer, containing phosphorous, potassium, iron, manganese, and zinc, on the plant development and 
fruit yield of three wild milk thistle populations originated from Greece. The fruits of the populations 
‘Palaionterveno’, ‘Mesopotamia’, and ‘Spata’ were sown in plastic pots containing peat. Fertilization treatments 
were i) control - without application of fertilizer, ii) application of a stabilized nitrogen fertilizer, and iii) use of 
the stabilized fertilizer followed by applications of foliar fertilizer at three different growth stages. The results 
revealed that genetic material significantly affected the plant height, rosette diameter, and dry weight of root 
system. Moreover, the application of the nitrogen fertilizer alone or combined with a foliar fertilizer enhanced 
plant growth. Regarding the fruit yield, there was an interaction between the two factors.  
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INTRODUCTION 
Milk thistle (Silybum marianum (L.) Gaertn.) is an alternative medicinal crop 
since its fruits contain silymarin, a mixture of flavonolignans, which is known 
for hepatoprotective activities (Karkanis et al., 2011; Valková et al., 2020; Ferraz 
et al., 2021). Silymarin is mainly found in the fruits of the plant and fruit yield is 
an important factor that can influence silymarin production. Consequently, a 
primary objective for milk thistle crop is the enhancement of the fruit yield 
through the selection of the appropriate genetic material and the cultivation 
techniques, such as fertilization. In a recent study, Liava et al. (2021) observed 
that nitrogen fertilization can increase fruit yield. The current study aims to 
assess the effects of a stabilized nitrogen fertilizer alone or combined with a 
foliar fertilizer on the plant growth and fruit yield of three wild milk thistle 
populations. 
 
MATERIALS AND METHODS 
The effect of the fertilizers on the growth and fruit yield of three populations 
was evaluated in a pot experiment as presented in Figure 1. The experiment was 
conducted at the experimental field of the University of Thessaly in Velestino 
(Thessaly Region, Greece) during the growing season 2019-2020. The fruits of 
milk thistle were sown on 29 October in plastic pots containing peat. At the four-
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leaf stage, thinning of seedlings was performed, leaving one plant per pot. The population treatments were 
‘Palaionterveno’, ‘Mesopotamia’, and ‘Spata’, while the fertilization treatments were i) control - without application 
of fertilizer, ii) application of a stabilized nitrogen fertilizer (27-0-0, 3,4-dimethylpyrazole phosphate (nitrogen 
inhibitor),  rate: 100 kg N/ha), and iii) use of the stabilized fertilizer (rate: 100 kg N/ha) followed by applications of 
a foliar fertilizer (100 ml/100 L, 10% w/w P2O5, 8% w/w K2O, 0.1% w/w Fe, 0.1% w/w Mn, 0.1% w/w Zn) at three 
different growth stages. The stabilized nitrogen fertilizer was applied on 22 January, while the foliar fertilizer was 
applied on 23 January, 18 February, and 3 March. Rosette diameter, plant height, chlorophyll content, dry weight of 
root system and aboveground part of plants, and fruit yield were measured in each pot. The total chlorophyll content 
was determined as described previously by Liava et al. (2021). The SigmaPlot 12 software (Systat Software, San 
Jose, CA, USA) was used for statistical analysis. Two-way ANOVA was conducted for all the data and differences 
between means were separated by LSD test at P=0.05. 
 
  
Figure 1. Size and arrangement of the pots at the field (25 of November, cotyledon stage). 
 
RESULTS AND DISCUSSIONS 
 The different populations and fertilization treatments influenced plants growth. There were statistically 
significant differences between the three fertilization regimes in the rosette diameter, plant height, chlorophyll 
content, dry weight of plants, and root system (Table 1).  








a and b 
(μg/cm2 ) 
Dry weight of 
aboveground part 
of plants (g/plant) 




‘Palaionterveno’ 28.27 c 60.13 c 36.90 a 12.42 a 4.39 a 
‘Mesopotamia’ 31.07 b 74.40 b 36.40 a 12.45 a 3.81 b 
‘Spata’ 34.87 a 88.07 a 32.89 b 14.91 a 4.61 a 
Fertilization  
Control 23.40 b 50.73 b 29.77 b 4.39 b 2.20 c 
Nitrogen fertilizer (top 
dressing) 
35.53 a  86.40 a 37.76 a 17.18 a 4.98 b 
Nitrogen fertilizer (top dressing) 
and foliar fertilizer 
35.27 a 85.47 a 38.66 a 18.21 a 5.63 a 
F values from ANOVA 
Populations (P) 12.294*** 27.305*** 8.725*** 2.520ns 4.592* 
Fertilization (F) 53.796*** 57.834*** 43.659*** 73.342*** 89.277*** 
P×F 1.887ns 1.098ns 1.296ns 2.466ns 0.067ns 
Note: * and *** show significant differences at P≤ 0.05 and P ≤ 0.001, respectively. ns: not significant. For each growth parameter and factor 
(fertilization or populations), different letters denote significant differences (LSD test, P=0.05). 
175| VOLUME 78 ISSUE 2 | NOVEMBER 
 The application of nitrogen fertilizer beneficially affected all the evaluated traits. However, the combination of 
nitrogen and foliar fertilization did not further enhance plants growth, except for dry weight of root system. 
Previously, in a pot experiment, Školníková et al. (2019) observed that nitrogen fertilization increased weight of 
plants. Moreover, the application of a foliar fertilizer containing nitrogen, phosphorous, potassium, iron, manganese, 
copper, zinc, and boron led to higher height and biomass compared to the untreated control (Stancheva et al., 2008). 
The three populations differed significantly on the above-mentioned traits except for the dry weight of the plants 
(Table 1).  
 For instance, population ‘Spata’ had a significantly higher rosette diameter and plant height compared with the 
other populations. Considering the fruit yield, an interaction of the two factors was recorded (Table 2). The highest 
fruit yield was recorded in the ‘Spata’ population when the nitrogen fertlilizer (27-0-0) and foliar fertilizer were 
applied, while the lowest yield was observed in the ‘Palaionterveno’ population in the control treatment. 






Fruit yield (g/plant) 
‘Palaionterveno’ 
Control 0.85 e 
Nitrogen fertilizer (top dressing) 1.79 c 
Nitrogen fertilizer (top dressing) and foliar fertilizer 2.32 b 
‘Mesopotamia’ 
Control 1.24 d 
Nitrogen fertilizer (top dressing) 2.44 b 
Nitrogen fertilizer (top dressing) and foliar fertilizer 2.48 b 
‘Spata’ 
Control   1.05 de 
Nitrogen fertilizer (top dressing) 2.29 b 
Nitrogen fertilizer (top dressing) and foliar fertilizer 2.96 a 
F values from ANOVA 
Populations (P) 20.217*** 
Fertilization (F) 211.857*** 
P×F  4.684** 




The study showed that nitrogen soil fertilization alone or combined with foliar fertilization can enhance plant 
growth parameters and fruit yield. Moreover, milk thistle populations significantly affect the above-mentioned 
traits and the selection of a population with high productivity is an important factor in order to obtain a high crop 
yield. 
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